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INTRODUCTION 


The many problems pertaining to the ground-water resources of Long Island all involve a consideration of the 
geology of the island. With a few exceptions, the geologic formations recognized on Long Island do not crop out 
at the surface, and a study of the geology of the area, therefore, becomes largely a matter of examination of well 
samples and a study and correlation of well logs. . 
In 1906 geologic correlations of logs of many wells were published in U. S. Geologipal Survey Professional Paper 
44, "Underground water resources of Long Island, New York," by A. C. Veatch and others. Since that time a large 
number of wells have been drilled on the island and these records, together with those published in Professional 
Paper #, have contributed greatly to the understanding of the geology of the island. ' 
Since 1932 the U. S. Geological Survey, in cooperation with the State 'of New York and with Nassau and 
Suffolk Counties, has been carrying on an investigation of the ground-water resources of Long Island. A part of this 
work has consisted of the collection and .publication of records of wells that have been drilled since 1906., Tentative 
geologic correlations of many of these logs have been made during the course of the geologic studies. In order to 
make these correlations available to interested persons, considerably in advance of the time when a complete report can 
be issued, it has seemed desirable to release tables and maps showing the correlations for the individual wells. 
In 1903 the geology of Long Island was studied and mapped in considerable detail by the U. S. Geological 
Survey. Two reports were later published giving the results of this work. 1 For many years W. O. Crosby made 
studies of the geology of Long Island for the Board of Water Supply of the City of New York, although the results 
of most of his work were neviCr published. There was considerable diversity of opinion between these earlier workers 
concerning the geologic age and the presence or absence of certain formations. Some of these differences of opinion 
have been discussed in a more recent paPlCr. 2 
The correlations included in the present report have been made by various members of the Geological Survey since 
'the start of the cooperative investigations in 1932. During the first few years of the investigation, geologic correla- 
tions were made by F. G. Wells, D. G. Thompson, and H. R. Blank. On the basis of later and more complete infor- 
mation some of these correlations were revised by R. M. Leggette; M. L. Brashears, Jr.; C. M. ROQerts; and the 
writer, who also made correlations of the numerous well logs and suites of samples that have become available during 
about the past 10 years. This report, including the maps, tables, and cross-sections, represents the first stage of a sys- 
tematic restudy and re-evaluation of all the earlier correIa tions, begun by the writer and Nathaniel M. Perlmutter 
in 1946 under the direct supervision of M. L. Brashears, Jr., district 
logist of the Geological Survey in charge of 
ground-wate,r investigations in New York and New England. ' 
Type of correlation attempted. The geologic correlation of the many logs of wells and test borings in Kings 
County contained in the accompanying tables is an effort to group together materials which were deposited at the same 
time and by a common agency. That is, each of the units has a common geologic origin, related to one stage or 
chapter in the history of the formation of the island. A variety of materials is present in each of these units and even 
the more uniform show considerable range in composition and thickness. The units used may consist of ,part of a geologic 
formation, as in the case of the Lloyd sand member of the Raritan formation, or may comprise a sequence of several 
formations, more or less similar in lithologic character, as in the case of the unit here referred to as the "upper Pleis 
tocene deposits" which includes beds laid down after the close of the Jacob stage. 
A genetIc grouping of this sort does not serve directly of itself to solve hydrologic problems, but experience 
has shown that it forms the only valid basis for the start of such a study. The purpose 
f this report is therefore 
to provide basic data for the solution of hydrologic problems, not to supply the answers to these problems directly. 
The hope that these correlations will be of service in connection with water-supply and r
lated problems has, how- 
ever, influenced the selection of the units used, as well as some of tbe correlations themselves. This is explained below 
in the discussion of the units. Of equal or greater importance in shaping the actual choice of the units used is the 
fact that virtually all the information is in the form of well logs. Subdivisions of the geologic column must therefore 
be based on the identification of clay, gravel, sand, and boulders,-data which are to be found in the logs. Distinctions 
which must be based on a knowledge of mineral content, details of grain size or sorting, or even those which rely on 
the color of the material, are frequently inapplicable, as this information is not given in most well logs. 


lVeatch, A. c., and ethers, Underground water resources of Long Island, New York: U. S. Geol. Survey Prof. Paper 44, 394 pp.. 1906. 
Fuller. M. L., The geology of Long Island, New York: U. S. Geol. Survey Prof. Paper 82, 231 pp., 1914. 


2Thompson, D. G., Wells, F. G, and Blank, H. R., Recent geologic studies on Long Is
nd with respect to ground-water supplies: 
Econ. Geology, vol. 32, pp. 45
, 1937. 
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The table and maps in this report include a correIa tion for nearly all the well logs in the reports of Leggette. 3 
In addition, a few of the more important wells from the much older report of Veatch 4 are included. Their logs in 
simplified form are given in the appendix, as the report by Veatch has long been out of print. In the table and maps 
all the figures on depth have been changed from those appear:ing in the original reports, where the datum is the land 
surface or some nearby point, to elevation above or below sea level. This has been done to facilitate a pomparison be- 
tween wells even though this complicates slightly a comparison between the published logs and the present correlations. 
'The type of drilling and the purpose for which a wen or test hoLe was put down influence the reliability of the 
log obtained, and also the scope or type of information which is contained in it. Certain test holes £Or instance, K 668, 
K 676, and K 694 5 were drilled for the purpose of examining the bedrock and were jetted in as far as bedrock. 
Because little attention was paid. to the overlying sediments, these records are of relatively little value to the present 
study not only because of the method of drilling used, but also because the logs lack detail as to the overburden. The 
hydraulic rotary drilling method, used to sink the deeper wells of the N ew York Water Service Corporation, can and 
usually does provide a somewhat more accurate record of the material penetrated but one that is not-completely reliable. 
A comparison of the records of K 520 and K 533, two deep wells drilled on]y a short distance apart, shows that in 
the latter the driller reported simply as "coarse sand" what in the first well had been reported in more detail as 
several units containing fine sand as well as coarse. There can be little doubt that the record of well K 520 is the 
more accurate, probably because of more care on the part of driller. However, the rotary drilling action sorts the 
materials to some extent before they are discharged at the land surface. In addition, the drilling mud used to pre- 
vent caving of the well hole masks the samples. Becaus
 of these features, logs based on examinations of rotary samples 
may be misleading. 
Wells drilled by the cable-tool method are believed to provide a more reliable record, but even with them, the 
washing of the samples as they are bailed alters the ratio of fine to coarse material and destroys any evidence of bed- 
ding. Caving of the well hole may at times contaminate the samples. 
Where it has been possible for a geologist to study samples from a well, or better still, to follow the actual 
drilling on the site, more reliable and better-evaluated results have been obtained. Few such records are available for 
wells in Kings County'and none for any of the deep borings. Wells 6 examined samples from some of the deeper wells 
of the New York "Vater Service Corporation which had been so arranged in glass tubes as to form scale models of the, 
wells, but subsequent work suggests that at least some of these scale models had not been accurately constructed. 
Other sources of information. In the case of a few wells, other information in addition to the well logs is available 
to aid in the corrdations. The most useful of these are the water-level measurements which have been made in a num- 
ber of the wells in the area since about 1932. Some of these records were Q1ade with automatic water-stage recorders 
which have furnished a continuous record of the water level for periods ranging up to 12 years. In a few cases, an 
abrupt chan
 in pressure in an artesian aquifer due to the sudden, starting or stopping of a pump has appeared as a 
change in water level in one or more widely separated wells. This proves, or at least suggests strongly, that the 
pumping well and the observation wells a:£1e all screened in the same coarse sand or gravel layer, and that this aquifer 
is overlain by an impervious layer, probably clay, which is essentially continuous over the area affected. Such interference 
has served to tie together wells K 19, K 921, K 526, K 519, and K 533, which are all believed to be screened in the 
principal gravel layer of the J ameco gravel. 
Wells K 523 and K 525 also appear not to be screened in the prinoipal beds of the Jameco gravel and, as would 
be expected, do not respond to the changes which are common to the first group. It is believed that these two wells 
are screened in a higher gravel layer of the J ameco which is separated hydraulically from the principal bed; Well 
K 521 on the other hand not only fails to show the changes observed in the neighboring wells which are screened in_ 
the J ameco gravel, but shows some similarity to the general pattern of the Lloyd wells. The known Lloyd wells, 
however, are too distant for effective comparison, and the correlation of the gravels in the bottom of well K 521 with 
the Lloyd sand member of the Raritan formation is ,not entirely certain. 
Well K 1139, located at the New Lots pumping station of the City of New York, for which there is no log 
but which is known to be screened at 115 feet below mean sea level, has shown interference with' well Q 340, 
situated across the county line to the east in Queens County. T'he log of Q 340 suggests strongly that it is a Jameco' 
well, thus substantiating the correlation of those wells at the New Lots pumping station for which logs are available 
(K 538, K 1286) where the top of the Jameco gravel was placed about 110 feet below mean sea level. Marked in- 


3Leggette, R. M., Records of wells in Kings County, New York: N. Y. Water Power and Control Commission Bull. GW-3, Albany, 1937; 
and (with M. L. Brashears, Jr.) Bull. GW-8 (continuation of Bull. GW-3). 
'Op. cit. - 
5The logs of the wells referred to by number in this report may be found in the bulletins of Leggette cited in footnote 3. 
6Logs published by Leggette in Bull. GW-3, pp, 90, 96, 00, 100, 101 and 100. 
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terference has been noted by J. G. Ferris, engineer, U. S. Geological Survey, between some of the Jameco wells farther 
east in south central Queens County. It may be possible eventually to tie this group in to the main group in Kings 
County, by means of pumping interference. 
Substantiation of the proposed correlation of the few wells in Kings County which are believed to penetrate the 
Lloyd sand' by interference among these wells has not as yet been possible. To the east, in Queens and Nassau Counties, 
mutual interference has been observed by Leggette 7 in a widespread group of Lloyd wells, and it is possible that 
 or 
more of the Lloy-d, wells in Kings - may eventually be related to this group. 'Some data have already been obtained 
showing that pumping of well Q 1030 in Queens County, which is known to be screened in the Lloyd sand, affects well 
K 1057 8 , which correlated as a Lloyd well in this report. 
Fossils. The Cretaceous deposits of Long, Island ,have yielded relatively few fossils, and well samples in par- 
ticular have not provided material that could aid in the work of corr.elation. The Gardiners clay and the Jacob sand, 
of middle Pleistocene age, have yielded shells and diatoms 9 . Because virtually all of these fossils are similar to or identical 
with modem forms, no attempt has been made to use them as an aid in separating these two formations from clays 
and silts of :Recent age. ,The presence of shells in a clay, or in the sand immediately, below a clay, how
er, is a strong 
indication that the clay is the Gardiners, because, particularly in Kings County, the Gardinets' is- far more likely to 
contain shells than any of the other formations. ' Farther east on the island, where the J ameco gravel is absent, the 
Gardiners clay rests directly on the Cretaceous beds, and the Gardiners clay and the Cretaceous beds may be easily 
confused. Here the presence of shells reported in a log is also an aid in distinguishing the Gardiners from the older 
clays, but unfortunately the Gardiners here is less fossiliferous than it is in Kings County, and many of the logs make 
no mention of shells at any depth. 
Possible future work. Some thought has been given to g.ther- aids in correlation, though no serious work has as 
yet been attempted. In the case of wells £Or which reliable samples are available, heavy-mineral studies might serve 
to trace certain beds for limited distances, but there is' at present no reason to hope that any new mineralogical criteria 
exist which could serve to distinguish any of the broader units over wide areas. The presence of unweathered biotite, 
homblen
e, feldspar, and similar easily decomposed grains has long been regarded as evidence of Pleistocene age, while 
a composition limited to quartz, clay, and flakes of deeply weathered muscovite is typical of the Cretaceous. In point 
of fact, where reliable' samples are available, the major subdivision can usually be identified with little trouble, and the 
correlation of new wells as they are drilled is far less of a problem than it is with older wells, where only a driller's 
log is a
aila
le
 , ' '. 
In Kings County, there will probably be little if any more deep drilling for many years, and there would be 
considerable interest in getting additional information from any of the old deep wells which are still open and accessi- 
ble. As they are all cased, electrical resistivity measurements, at least by the conventional methods, cannot be employed. 
Radioactive logging_may'be able to.-.giv.e an indication of the distribution with depth of clay or of clean sand at1,d gravel, 
or possible help in locating the boundary between the Pleistocene and the Cretaceous. 
Outline of geology. Long Island consists of three main categories of material. The oldest of these is the' pre- 
Cambrian bedrock which forms the sloping platform upon which rests the material making up the island proper. Al- 
though deeply weathered in places, the bedrock may be described as composed of hard, more or less homogeneous and 
impermeable ,material. It repre
i1ts .the lower limit of _well 
rilli
g on Long IsI
d, for the very few wells which 
have been sunk into bedrock in search of water have met wi th little success. ' - , , , 


The bedrock is overlain by Cretaceous deposits except in northwestern Kings and Queens Counties where de- 
posits of this age have been removed by erosion. The Cretaceous material "belongs to two formations of UpPer Cre- 
taeous age. (See table'l, stratigraphic sequence for Long Island), the' Raritan formation, which has been satisfactorily 
correlated with-the type area in New Jersey, and material bdieved' to 'be the equivalent of the overlying M'agothy 
formation, for which a similar correlation has not as yet been accepted. The Raritan has been subdivided into the 
Lloyd sand member, composed largely of coarse white quartz sand and gravel, and an overlying clay member. Al- 
though the Lloyd is the source of considerabie water in Queens, Nassau, and Suffolk Counties, only two of the few- 
weUs in Kings County which are screened in it are now being pumped. The beds tentatively assigned to the Magothy 
have never produced water in Kings County, though to the east in Nassau and Suffolk Counties they are heavily 
pumped. The Magothy is composed of many alternating layers of sand, silt and clay, mixed in varying propostions. 


"Leggette. R. M., The mutual interference of artesian wells on Long Island, New York: Trans. Amer. Geophys. Union Ann. Meeting, 
pp.490-494, 1931. 


8Jacob, C. E., On the flow of water in an elastic artesian; Trans. Amer. Geophys'. Union, pp. 574-586, 1940, and Notes on the elasticity 
of the Lloyd sand on Long Island, New York; Trans. Amer. Geophys. Union, pp. 783-787, 1941. 
'Lohman, K. E., Pleistocene diatoms from Long Island, New York; U. S. Geo!. Survey Prof. Paper 189-H, pp. 221}.237 , 10017. 
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TABLE 1. STRATIGRAPHIC SEQUENCE AND CORRELATIONS OF MES'OZOIC AND' 
CENOZOIC FORMATIONS ON LONG ISLAND 


AGE VEATCH FULLER 
Recen t Post Glacial Recent 
and Recent 
. 
c c 
';;'; Harbor Hill 0;;'; Harbor Hill 
c c 
0 0 
u Ronkonkoma u Ronkonkoma 

 (/) 

 


CROSBY 


. ................ ...... .. ................... .... 


Glacial 


Pleistocene 


... 
Tisbury 
 
(Manhasset) 
 
gravel a 
....................... 
 


Hempstead 
Gravel 
Montauk till 
Herod gravel 


Jacob sand 


Sankaty 


Gardiners 
clay 


J ameco 
gravel 


J ameco 
gravel 


.... ....... ...... .... ... .. ..... .... .... ... ....... 


- - - - - - - - - - - - '. - - - - - - - - 


Mannetto 
gravel 


Mannetto 
gravel 


PRESENT 
REPORT 


Recent deposits 


Upper Pleistocene 
dep05i ts 


Gardiners clay 
(includes Jacob sand 
if present) 


J ameco 
gravel 


? 


.- - - - - - - - - - - - '. - - - - - - - - - - - '. - - - - - - - 


.. ............. .. ........ ....... ..... ... .......................... ....... ... ......... ................... 


Sankaty 
Pliocene Pensauken 
Lafayette 


- - - - .. - - - - - - -- - - - - - - - - 


.............. ........................ ....................... ................... ..................... 


Miocene 


Kirkwood 
Bethpage 


.............. ........................ ....................... ................... ................... 


- - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - .- - - - - - - - - - - - - - - - - - - - 


Upper 
Cretaceous 


Higher 
Cretaceous 
beds 
Matawan 
Rari tan 


Higher 
Cretaceous 
beds 
Matawan 
Magothy 
Rari tan 


Monmouth 
Matawan 
Magothy 
Rari tan 
Potomac 


Legcnd: Conformable contact' 
Unconformity 


T ransi tion 
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Magothy (?) for- 
mation 
Raritan formation 
Clay member 
Lloyd sand mem- 
ber 



The Pleistocene deposits, which 'form the uppermost of the three ,principal categories, are divided for the purpose 
of this report into three units. This division is largely based on. the presence and identification of the Gardiners clay, 
which separates the underlying J ameco gravel, rich in dark colored pebbles of igneous rocks, from the overlying assorted 
tills, sands, and gravels here referred to as upper Pleistocene deposits. 
The Jameco gravel is an important source of water in Kings County. The Gardiners clay, if the present correla- 
tions are correct, is not tapped by wells in Kings County, al though it contains a few stringers of gravel. The sands and 
gravels of the upper Pleistocene deposits are the source of most of the water withdrawn in the county. 
Procedures used in the correlations. T'he files of the Geological Survey contain many tentative correlations for 
well logs for Kings CountY, and for all of Long Island, which have been worked out by the various geologists who 
have studied the area. Many of these, considering the is land as a whole, are based on the personal observations of 
samples or of the actual drilling operations, methods which provide a far better opportunity for judgment than the 
written records of the driller. On the other hand, the worker today has an advantage in that the records of more wells 
are now available ,for study, and he is therefore in a better position to trace beds and structures by a comparison of 
logs. The correlations in this report are consequently the result not only of a study of the record of each individual 
well, but a]so of the regional picture as developed by a ser ies of cross-sections and maps. The reLiability of the correla- 
tions is therefore not simply a function of the scope and accuracy of the data available for each individual well, but 
depends also on the correctness of the broader analysis. F or this reason something of the geologic history is incl.uded 
with the following descriptions of the correlation units. 
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DESCRIPTION, OF THE 'CORRELATION UNITS AND THE CRITERIA USED 
IN THEIR IDENTIFICATION 


Pre-Cambrian Rocks., The pre-Cambrian bedrock of Long Island consists of a variety of rock types, of which 
gneiss and schist are the most abundant. In Kings County these rocks have been intruded by sheets and sills 0'£ granodi- 
orite and pegmatite and possibly also by dikes of diabase (trap) similar in appearance, and possibly of the same age as 
those of the Palisades of New Jersey. (See record of well K 514 by Wells.) These distinctions between rock types 
have but little bearing on the problem of determining bedrock in well records, and do not concern at all the problems 
of water supply. 


Bedrock commonly is correctly identified as such by the driller, but problems arise in certain cases that may demand 
judgment and a comparison with the records of other wells. In the areas where the bedrock is overlain by Cretace- 
ous deposits, the bedrock itself is weathertCd, deeply in some places but much less so in others. ' The product of this 
weathering is commonly clay or a mixture of clay and partially decomposed rock and mineral fragments. This material' 
may be reported by the driller as clay, as weathered bed rock, or as anyone of a variety of things, depending on the 
nature of the material and the nomenclature used by the particular driller. For example, the notation in the next to 
the last line of the log, of-well K 532 reads "Hardpan--soft shale"; and the 23 feet of this material together with 
the following 45 feet, described as "rock-decomposed granite", is here all correlated as weathertCd bedrock. In other 
cases, such as well K 534, the position of the upper surface of the weathered bedrock is a matter of conjecture. In general, 
the logs in this area suggest a depth of weathering of about 10 or 20 feet. 


Deeper weathering and a puzzling problem are represented in the cases of six wells, K 461, K 670, K 672, K 673, 
K 677, and K 678. Well K 620 is at the site of shaft 14A of Tunnel 2 of the Board of Water Supply of the City of 
N ew York. H. R. Blank was able to make a detaited study of the material exposed in place in the walls of this 
shaft, as well as of the walls of the other shafts of tunnel 2. His unpublished notes lO show that the bedrock at shaft 
14A was overlain by a little more than 10 feet of weathered bedrock, in which there was a progressive change up- 
'ward from fresh rock to clay with more and more of the minerals showing kaolinization. The clay in turn was overlain 
by 10 or 12 feet of what Blank called "concretionary sandstone", though only a small proportion of residual quartz 
was present in what was essentially clay, formed by the nearly complete decomposition of the bedrock. The color of the 
material, depending on the degree of oxidation, 'was eith er green or red, and commonly showed dark-red or black nodules 
in a greenish-gray ground mass. The concretions, which were apparently of much the same composi.tion as the body of 
the clay, ranged in size from tiny oolites to nodules more than an inch in diameter. Many if not all had been indurated 
by carbonate. The top of the "concretionary sandstone" which Blank in his field notes referred to as "potato rock", 
contained hexagonal lumps which were interpreted as the result of mud cracks. The whole 10 or 12 feet of concre- 
tionary material, according to Blank, consisted of weathered bedrock) because it graded into fresh bedrock without any 
break and showed just such changes in mineral content as weathering produces. The concretionary texture, Blank felt, 
was the result of the lateritization of a soil zone of late Jurassic or early Cretaceous age. This weathered bedrock was 
overlain at shaft 14-A by 5 feet of red and gray clay beds, a sedimentary deposit which Blank believed to be of Cre- 
taceous age. The peculiar weathering and the preservation of Cretacious material in this area have not been fully 
explained. 
Similar materials were penetrated, or at least it would so appear from the logs, by the other five wells listed 
above. The other localities show, however, a somewhat greater thickness of supposed Cretaceous deposits. Blank re- 
ported that "concretionary sandstone" was seen in wash samples from some of the other wells in northern Brooklyn, 
where it was interpreted as capping low buried 'hills of the bedrock. 
None of this material could have been properly identified as weathered bedrock without the opportunity to ex- 
amine some of it in place. This is not possible, in the case of a drilled well, and occasional confusion of weathered 
bedrock and sediment seems inevitable, though the thickness of material involved in such an error will probably never 
be great. 
In areas where the Cretaceous cover has been entirely removed by erosion, a different type of error must be guarded 
against in the determination of bedrock. Drillers using any type of drilling equipment are prone in some degree to 
mistake a large boulder for bedrock-or, for the same reason to report bedrock, when actually reached, as possibly a 
boulder. The Cretaceous deposits do not contain boulders, but fhe Pleistocene deposits, particularly those included in 
the upper Pleistocene, contain many. The confusion is particularly diff,icult to resolve where glacial material rests on 
the bedrock, for the bedrock surface in these areas has been so irregularly eroded that it is very difficult to predict at 


lOBrief iogs- for three of ,the shafts, abstracted from unpublished studies by H. R. Blank for the New York Board of Water Supply. are 
given in the appendix. 
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what depth it will be reached. Part of, this erosion is believed to be the reSult of melt water cascading from the glacial 
ice itself when it lay in this area, and part from normal stream erosion following, roughly at least, the line of the 
present East River. The abandoned plunge pools and scour marks do not form a regular pattern, and undrained 
. pockets were also formed, so that the depth to bedrock in these areas varies widely in an unpredictable manner. ll 
Upper Cretaceous depo.fits. Although it is generally possible to distinguish between the two upper Cretaceous 
formations, the Raritan or the Magothy, this is not always the case, and some of, the general 
haracteristics of the 
Cretaceous materials are therefore worth emphasizing. 
By far the most important characteristic of the Cretaceous deposits is the absence of such easily decomposed 
mineral grains as biotite, hornblende, augite, and the feldspars. As grains of some or all of these minerals are present 
in the Pleistocene deposits, their lower limit is commonly taken as the Pleistocene-Cretaceous contact. In the case of 
well samples, the possibility of contamination by material fallen from above must be guarded against. 
All or virtually all of the Cretaceous deposits contain grains or small pieces of much-altered wood or vegetable 
matter. This material is commonly referred to as lignite. I n appearance .it suggests charcoal as it is dull black, porous, 
weak, and crumbly. It crushes to powder easily if tested with a knife point, and may be distinguishe,d in this way from 
the dark mineral grains found in the Pleistocene deposits. It is widely distributed in small amounts so that a careful 
search will reveal a few grains in almost any Cretaceous sample. In a few places, thin layers in the Cretaceous have 
been found in which, locally at least, this lignitic material is the major constituent. Woody material, more or less 
altered and some of it resembling the lignite described above, is found in some of the clays and sands of Pleistocene 
and Recent age. Although the presence of such mater:ial probably would not lead a geologist to confuse the Cretaceous 
with any of the younger formations, it does represent a possible source of confusion in the interpretation of logs com- 
piled by well drillers. It cannot be said, therefore, that the reported presence of lignite, charcoal, or woody material 
assures that the sample is from the Cretaceous beds. 
Color, by itself, is of little help in distinguishing the Cretaceous, although in connection with other factors it can 
offer some aid. The characteristic greensands of New Jersey are not found on Long Island, but a reported green color 
in a sand is none the less taken as suggesting a Cretaceous age. In the case of clays in the three western counties of 
Long Island a red color is regarded as evidence that the material is Cretaceous, and probably of the Raritan formation. 
An example of this may be seen in the correlation of wells K 677 and K 679, where the top of the Cretaceous was placed 
in part by the reported red color of a day layer. 
In parts of the eastern half of Long Island the Gardiners clay is red. 
he explanation has been advanced that 
the color here is due to the proximity to the Triassic redbeds on the mainland to the north, which may well have 
supplied part of the material from which the Gard,iners cl ay in this area was formed. 
The presence of light as against dark-colored clay also suggests the Cretaceous as oppOsed to the younger units, 
and this distinction may aid in defining the Raritan formation. An example of this may be seen by comparing the 
log and correlation of well K 532. 
Although color is more likely to be noted by a drille r than is the nature of the mineral constituents, there is 
considerable variation in terminology, so that caution is required. This is particularly true of wells drilled by the 
rotary method, for the drilling mud generally used on Long Island is red in color, and thus may. mask the co
or of 
the drill cuttings brought to the surface. 
Raritan formation-Lloyd sand member. The Raritan formation of Upper Cretaceous age overlies the bedrock 
over most of Long Island and much of Kings County. It here consists of two members, an upper clay member to which 
no special name has been attached and a lower member known as the Lloyd sand. The Lloyd sand was originally 
definied by V eatch1
 as a thick bed of sand and gravel lying near the base of the Raritan formation. Not in Kings 
County, but in other parts of Long Island, clay and sand have been reported as occurring between the Lloyd and bed- 
rock. It is believed, though it is not certain, that these deposits are either weathered bedrock or a misrepresentation 
on the part of the driller. Until evidence is found that proves otherwise, the Lloyd sand may be regarded as the "basal 
conglomerate" of the Cretaceous on Long Island. 
The Lloyd consists of beds of coarse white quartz sand and gravel, separated by one, two, or in some places even 
three thin clay partings. Hydrologically it appears to act as a unit. The Lloyd is present in only six of the wells Ested 
in the attached table, and in none df these does a typical section of the sand appear. Farther east on the island a max- 
imum thickness of more than 250 feet has been observed. A thickness of 100 feet is more usual in Kings County, and 
in a few places it is much less. Available evidence for Kings (see sections in pI. 3) suggests that at the southern edge 


lldeLaguna, Wallace, and Brashears, M. L., Jr., Configuration of the rock floor in western Long Island, N. Y.: U. S. Geol. Survey 
mimeographed report, p. 13, 1946. 
nop. cit., p. 19. 
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of the county, beneath Jamaica Bay and Coney Island, the thickness is 150 to 200 feet, but the beds appear to thin 
rapidly to the north, and pinch out along a line defined roughly by the position of Fort Hamilton Parkway and Jamaica 
Avenue (B-6 to R-16). Apparently the sand is not present in the northern half of the county. The clay of the 
Raritan formation overlaps the Lloyd sand member and extends an appreciable distance inland up dip to the northwest, 
suggesting that the present edge of the Lloyd may well represent the limit of original deposition. As yet there is no 
evidence of an unconformity between the Lloyd sand member and the clay member of the Raritan, as there would be 
if there had been erosion of the Lloyd prior to the deposition of the clays. If this is the case, then the correlations 
of such wells as K 528, K 532, and K 514, which show clay of the 'Raritan resting directly on bedrock, indicate that 
the Lloyd was never deposited at these locations. 
The upper surface of the Lloyd slopes to the southeast, as do almost all the beds on Long Island, partly be- 
cau
e the surface on which it was deposited sloped in this direction and partly because fhere has been a 'subsequent 
tilting of the land mass. The slope of the Lloyd is difficult to determine in Kings County, as the data are so limited. 
Over much of western Long Island the slope is roughly 65 feet to the mile, whereas the bedrock 'has a slope of about 
75 or 80 feet per mile. In central and eastern Long Island the slopes are somewhat gentler. 
The recognition of the Lloyd and its correlation from well to well are not difficult. Its position between the 
underlying bedrock and the clay member of the Raritan gives a pattern which is not duplicated elsewhere in the local 
geologic column. The composition, coarse white quartz sand and some fine sand and interstitial clay, is generally noted 
and accurately described by the drillers, who are familiar with the unit because it is an aquifet: sought and tapped by 
many wells. 
Wells K 524 and K 521 present two most puzzling cases involving the correlation of the Lloyd sand member in 
Kings County. In the case of well K 524, the gravel encountered between 336 and 349 feet below sea level was 
correlated as the Lloyd sand member, though this material is at a higher elevation than and is separated from the 
main body of the Lloyd. The gravel beds penetrated by the bottom of well K 521 were at first believed to be 'part of 
the Jameco gravel. In the summer of 1947, however, the New York Water Service Corporation stopped pumping 
from its many J ameco wells in Kings County and as a result the water level in the J ameco gravel started to rise. 
Well K 521 alone of the supposed J ameco wells failed to take part in this response. An investigation showed that the 
water level in this well stood at about 3 feet above sea level while the level in the J ameco gravel in this area is known 
to be about 20 feet below sea level. The gravel in the bottom of K 521 has therefore been assigned to the Lloyd sand 
member of the Raritan formation. 
The name "Lloyd sand", which is in common use, is misleading in one respect. This terminology implies that the 
unit is either a formation,' or the equivalent of one. As this is not the case, the Lloyd being only part of the Raritan 
formation, the proper term is "Lloyd sand member". 


Raritan formation-Clay member. The clay which forms roughly the upper half of the Raritan formation on Long 
Island was correlated with the Raritan at its type locality in New Jersey in 1843 13 . The beds are compact and tough, 
highly impermeable, and commonly appear as a de,finite unit in the logs of wells which pellet rate them. In places there 
are a few thin silt or sand layers, and also a few beds of partly indurated clay, these last sometimes being reported as 
"boulders" by the operators of rotary drilling rigs because they make the drill jump and chatter in much the way 
that boulders would. The clay contains scattered fragments and shreds of lignite and locally small nodules or 
irregular masses of marcasite, pyrite, siderite, and limonite, though these are seldom reported in well logs and are of 
little value in identifying the formation. The color of the clay ranges, from white to green or black and also from 
yellow to red. Although the clay member of the Raritan formation averages about 200 feet in thickness in western 
Long Island, there is considerable variation from this dimension because of uneven erosion of the upper surface of 
the formation. Where the Raritan is overlain by the Magothy (?), as is true over most of the island, this erosion 
represents a disconformity between the two formations. How much material was removed at this time is uncertain, 
but the observed thicknEss' of the clay ranges from about 300 feet to about 50 feet and even greater variations in both 
directf'ons have been inferred. 


In Kings County the greatest observed thickness of the clay member of the Raritan, 221 feet, was recorded in 
well K 514. 


In the case of three wells in Kings, wells K 523, K 531, and K 533 the correlations show Magothy (?) resting 
directly on bedrock. Although this seems to be the most logical interpretation, the evidence is poor at 'best and, in the 
case of the two logs for well K 523 (see Bull. GW-3), it is actually conflicting. If it were possible to prove that 
the interpretation given is correct, it would have an important bearing on the hydrology of the Lloyd sand. A study 
of the pressure and direction of the movement of the water in the Lloyd shows that an important part of that water 
enters in areas where the Lloyd has been regarded as over lain and sealed by the clay member of the Raritan. How- 


13Mather, W. W., Geology of New York, pt. 1, 1843. 
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ever, if the Raritan has indeed been completely eroded in parts of Brooklyn, as must be the case if the Magothy (?) 
rests on bedrock, then Raritan may also have channel ways eroded entirely through it in otner parts of the island. 
Such channelways would provide a ready means of recharge of the aquifer. 
In Kings County the clay member of the Raritan is present, at most, only in isolated patches (see well K 894) 
northwest of an imaginary line running from A-9 to R-17 (plate 3), though there is not sufficient evidence to locate 
this boundary in any but the most approximate manner. The removal of the Raritan from this area is most easily 
explained as the result of erosion during rhe late Tertiary and Pleistocene. 
Magothy (?) formation. The next unit above the Raritan is the Magothy formation or, more properly, ma- 
terial which is believed to be its equivalent, as the correlation with the type area in New Jersey has not yet been 
verified. W. O. Crosby14 was the first geologist to apply the name to any of the beds on Long Island, but he used 
it for only the lower part of those beds deposited after the Raritan and prior to the Pleistocene, for he believed the 
upper part of these deposits to be of Tertiary age. This is not at present thought to be the case, and all the beds 
lying between the Raritan and the lowest Pleistocene, the J ameco gravel or the Mannetto gravel if it can be identified, 
are now 'assigned to the Cretaceous and are tentatively referred to the Magothy.. 
The so-called Magothy in those parts of Queens and Nassau Counties from which the best records are available, 
has a normal thickness of about 500 feet and a maximum thickness of about 1,000 feet. In parts of sourhern Suffolk 
County a still greater thickness may be inferred, for the depth to bedrock and the total thickness of the Cretaceous are 
both greater there. In Kings County, where the formation is not well developed and where there are few if any reliable 
logs, the maximum thickness of about 280 feet is found in well K 1056. The formation thins from south to north and 
wedges out along much the same line as the clay member of the Raritan. At one time it extended much further inland, 
and the present limit is the result of erosion, as described below under the heading "Tertiary and early Pleistocene 
history". 


The Magothy (?) formation in Kings County is largely oomposed of beds of fine sand mixed with clay, though 
beds of clay, coarse sand, and even gravel are also present To the .east, where better records are available, the material 
is thin-bedded, and although the beds show many altern ations of fine sand, silt, and sandy clay, no clear-cut large 
subdivisions are present like those of the Raritan formation. In certain areas some subdivision of the Magothy (?) 
is possible. However, these zones cannot be traced laterally for any great distance, for they are found to blend 
ind'istinguishably into the main body of the unit. In Kings County no subdivisions can be recognized from the present 
data, and it is doubtful if those which have been noted elsewhere could be identified in this area even if much better 
data were available. 
The minerals present are quartz and clay, with small amounts of deeply weathered muscovite, small scattered grains 
of lignite, and locally thin plates or nodlues of concretionary limonite or hematite. The general color of the beds is 
light with mixtures of pale gray, yellow and tan predominating, though a few of the clay-rich beds are dark and 
are locally streaked with red or orange sand. 
In Kings County the upper and lower limits of the Magothy (?) formation are not difficult to establish even in 
well logs which are lacking in detail, as the contact with the overlying coarse gravels and the underlying clays is fairly 
well marked. However, in places where the normal sequence is not found, such as at wells K 523 and K 533 where 
the Magothy (?) appears to rest directly on bedrock, the identification of unit boundaries is not reliable unless a 
good log is available. 
The Magothy (?) is not the source formation for any of the wells in 
ings County, although it has been 
penetrated at a number of places. I t seems unlikely that much potable water is available in these beds, although there 
are large areas in southern Kings where it has not been explored. To the east of Kings, Magothy (?) beds yield 
large quantities of water to many wells. ' 
Tertiary and early Pleistocene history. A few of the geologists who have studied the geology of Long Island, 
such as W. O. Crosby, have regarded some of the deposits on Long Island to be of Tertiary age. This opinion is in 
part due to erroneous' determinations of some diatom remains. As no beds have been definitely proven to be Tertiary, 
deposits of that age are now generally believed to be absent, though the scarcity of fossils makes this by no means 
certain. There is some reason to believe, however, that Tertiary beds may have been deposited in the area which is 
now Long Island, inasmuch as physiographic evidence on the mainland suggests strongly that the Cretaceous cover, and 
possibly also Teritary beds, extend inland 25 to 50 miles north of the present northern limit of Long Island 15 . This 
implies the later erosion of many hundreds of feet of sediments, probably during the later part of the Tertiary, and at 
intervals during the Pleistocene. 


UCrosby, W. D., Report on the geological relations of the ground water of Long Island: Unpublished report prepared .for New York 
City Board of Water Supply. pp. 4 and 42, Nov. 12, 1910. 
15Davis, W. M., The Triassic forma.tion of Connecticut: U. S, Geo!. Survey 18th Ann. Rept., pt. 2a, p. 155, 1898. 
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At what time, or, under what circumstances, deposition in the Tertiary gave way to erosion is not known, but 
it seems probable that there was a complex . history, with several alternations from one process to the other. Of this 
history itself there appears to be no record. However, the drainage pattern which resulted, lies today buried under 
the younger Pleistocene and Recent sediments of Long Island and Long Island Sound. This buried or partly buried 
system of valleys has been the subject of considerable speculation. I ts principal feature is Long Island Sound, which 
appears to be the drowned valley of a now-vanished stream called the Sound River. The northern side of this 
valley is the bedrock, and its southern mafigin the front slope (bajada) .of the cuesta formed by the resistant clay 
member of the Raritan formation. )'he valley itself appears to have followed the relatively easily eroded belt formed 
by the Lloyd sand member of the Raritan and the immediately underlying weathered rock. The flow carried by 
this valley must have been largely formed by drainage from the nqrth, including what are now the Housatonic and 
Connecticut Rivers, whereas the steep slope of the cuesta face ta the south prabably provided only a little water. The 
available records suggest strongly that this valley sl.oped to the east, f.or the valley floor appears to be about 100 feet 
below sea level in narthern Queens and about 500 feet below sea level near the eastern end of the island. This 
imp1i.es that the level of the sea for at least part of this period lay 500 feet lower than at present. 
Veatch 16 and Crosby17 both believed, however, that for a part of this period the Sound River, including streams 
from points as far east as the Connecticut River, drained westward to some point in narthern Queens, and then south- 
ward through Queens and Kings to the sea. Although Crosby and Veatch did not agree on the exact route of the 
section of this valley running south from the Sound to the sea, they d,id agree as to the general picture. They based 
their belief on a reconstruction of the topography of the post-Cretaceaus or the pre-Pleistocene surface as derived from 
well records for Kings and Queens Counties. These records seemed ta s
ow a north-south valley cut deep into this 
surface. Subsequent work has served to substantiate the existence of the southern end 'Of this valley and in fact suggests 
that there are two valleys. Neither valley, hawever, appears to continue as far north as the Saund. This mare recent 
interpretation is based on the records of new wells drilled in northern and western Queens since the work of Veatch 
and Crosby. These data indicate that the depth to the Cretaceous surface, or the bedrock where the Cretaceous is 
absent, is little if any below present sea level, where the connecting link of the Sound River Valley is believed to have 
crossed Long Island. Furthermore, as the data accumulate it is becoming increasingly evident that the area lying 
between the present Long Island Saund and southern Kings or Queens has not been deeply eroded in post-Cretaceous 
time. The buried vaHey, where it is known in Kings, is not over a mile wide and may possibly be narrawer to the 
north, and it is possible to trace aut a cannection to its supposed headwaters only by means of a twisting and turning 
pathway which avoids weHs and bore holes. Hawever, such maneuvering is becoming increasingly a case of trying to 
fit the data to the theory. Fuller 18 was of the 'Opinion that the narrowness of the buried channel in Kings and southern 
Queens showed that it could not have been the outlet for the much wider valley which the trough of the present Sound 
would have provided. This alone is not a valid argument, for it is commonplace for a stream to have a wide valley where 
it follows the outcrop of a weak formation, and then to have a narrow valley where it turns and cuts through a ridge 
of harder material. 
The data in truth are not yet adequate for a correct interpretation. The pr,esent reconstruction of the post- 
Cretaceous surface does not suggest that the buried-valley segments in southern Kings and Queens ever carried the flow 
of the so-called Sound River. The deepest of the valley segments, the one in Kings (shawn in pI. 3), extends a little 
more than 300 feet below the present sea level. This suggests that sea level at the time it was formed was of the order 
of 400 feet below the present level. As the upper surface of the Cretaceous deposits now is at an altitude of at least 
200 feet abov,e sea level in nartheastern Nassau County and the adjacent part of Suffolk County, these deposits must 
have formed a ridge about 600 feet high and with a potential drainage area in northern Nassau and Queens of nearly 
100 square miles. If the flow from this area had been channeled to the southwest across southwestern Queens and 
southern Kings, it alone might have cut the 100 foot-deep valley segments, without the necessity of additional water 
from a hypothetical Sound River. 
The valley segments in southern Kings and Queens are now filled largely with gravel, but also contain beds of 
sand and clay. This material, part of which at least has been called the J ameco gravel, is an important source of 
water. The origin and the extent and pattern of the buried valleys are therefor,e of very real importance in connec- 
tion with the development of the water in the J ameco gravel. 
Pleistocene deposits-lameco gravel. The J ameco gravel overlies the Cretaceous deposits in central and southern 
Kings, except for 'One small area in the vicinity of wells K 894 and K .1273 where it apparently was never deposited. It 
extends t'O the northwest, beyond the limit of the Cretaceous, into an area where it rests directly on the bedrock. It 
probably once covered all of Kings and extended some distance farther to the north and west, and its present limit, 
marked roughly by the positions of wells K 569, K 663, and K 703, is believe,d to be the result of erosion. It is overlain 
by the Gardiners clay which, in the present report, is shawn as having about the same distribution. 


lOOp. cit., p. 31. 
170p. cU., p. 59. 
l80p. cit., p. 57. 
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The formation is characterized by the dark<olored sands and gravels that comprise the greater part of it. In 
sharp contrast to the underlying Cretaceous deposits it contains relativ.e1y little quartz. It is composed chiefly of frag- 
ments of granite, gneiss, and diabase, and particles of the minerals feldspar, biotite, and hornblende. Though stained 
or dulled in appearance, the material is only slightly weather.ed. It was certainly derived by rapid and forceful 
erosion and swiftly carried to its present position, and the suggestion has been made that it is glacial outwash. The 
coarsest material oonsists of cobbles a foot or more in diameter. The bulk of the material is gravel and coarse sand, 
and the present correlation includes in the unit some layers of silt and clay. The thickness is extremely variable, 
being about 50 feet over much of the area, although it thickens to 150 feet where it fills the buried valley and, as 
mentioned above it is absent in one small area. The elevation of the upper surface ranges from about 100 to 200 feet 
below sea level. There is some suggestion that this surface slopes to the south, which is probably the original angle 
of depositi?n as the formation must now lie in very nearly the attitude in which it was deposited. 
Veatch 19 believed that the gravel deposits which make up the J amoco were swept down from the north as. out- 
wash from a glacier which stood with its front near the present northern edge of Long Island, although there appears 
to be no reason why the ice' front should not have been some tens of miles farther north. Veatch, who imagined the 
Sound River Valley connecting the Sound with the buried 'valleys to the south, believed that this valley formed a 
pathway for the outwash. It is just as easy to believe that the outwash was swept through the low pass in the ridge 
of Cretaceous deposits which lies in eastern Queens County, near the present site of Bayside, and also through low 
areas which may have lain to the west. T'his outwash then fanned out to the south and buried the older topography, 
including the valley segments which are discussed above. This interpretation indicates that the material now filling 
those valleys is Jamoco, even though a large part of it is cl
 and fine sand. It is a little puzzling tliat the clay in the 
J ameco is found only in the valley fillings, while elsewhere the formation is composed of coarse sand and gravel. 
The fine-grained materials might have been deposited at times of low water and diminishing flow, and at these times 
such water as was moving would have been confined to whatever valleys were available. Once the valleys were filled, 
the sudden floods which characterize glacial streams would have fanned out and deposited the apron of coarse sands 
and gravel which make up the bulk of the unit. This picture of the origin of the formation agrees with what is 
known of the distribution of the Jameco, for it is found to the south of the ridge of Cretaceous sands and clays which 
form the backbone of the island only where this ridge is crossed by a relatively low pass, or where there was an apparent 
opportunity for material to have been swept around its end. 
The Jameco gravel is recognized by its color and composition and by its position between the bedrock or the 
Cretaceous strata below and the Gardiners clay above. Its position with respect to sea level is also an aid to its 
identification. In the absence of the Gardiners clay, or in places where for one reason or another the Gardiners could 
not be identified, it would be difficult or impossible to distinguish the J ameco from the upper Pleistocene deposits in 
many, well logs. In the case of the valley-fill deposits, only the plotting to scale of cross-sections, using a number of 
wells, gives any clue to the relationships. Lacking the data for such a group study, a single well log from the area 
of one of the buried valleys would not generally give, by itself, enough evidence for a correlation. In western Long 
Island, and in particular in southern Kings and Queens Counties, the J ameco contains a high proportion of grains and 
pebbles of dark,' fine-grained igneous rock. This material is similar to, and apparently derived from, the Triassic dia- 
base of the New Jersey Palisades, suggesting that the source of this part of the Jameoo gravel was in large part in the 
valley of the Hudson River. To the east, in Nassau and Suffolk Counties, the Jameco contains less diabase and more 
granite, schist, and gneiss, so that its composition is similar to that of the upper Pleistocene deposits. 
Gardiners clay. The J ameco gravel grades upward ra ther abruptly into the Gardiners clay. This has been con- 
firmed in the one locality where the contact has been observed (Tunnel 2, shaft near well K 703), where Blank20 
found the contact to be conformable. Such fossils as have been found in the clay point to shallow-water marine 
deposition under slightly warmer conditions than prevail today. If, then, the J ameco gravel represents the outwash 
of a glacial advance, the Gardiners clay was formed during the following interglacial period. 
The Gardiners clay underlies all of Kings County except for a narrow belt along the East River, in parts of 
which it probably never was deposited and from the rest of which it is believed to have been eroded. It is largely 
composed of dark day, commonly referred to by the drillers as "blue clay". Locally it is described as slit or as a 
mixture of fine sand and clay. In places, also, though not in Kings, it contains lenses of coarse sand or gravel which 
are the source of limited ground-water withd,rawals. The clay and fine sands contain a little biotite and other dark- 
colored mineral grains, and also a little woody material and shells. The shells are largely of gastropods and pelecypods 
and are commonly referred to by the drill.ers as oyster shells. Diatoms 21 have been found locally in the G'ardiners, 
and this is perhaps the one formation on the island which shows promise of being traced by its fossil content as revealed 
in well samples. Unfortunately, the diatom flora of the Gardiners consists almost entirely of species living today at 
about the same latitude, so that there may be considerable difficulty in separating the Gardiners from more recent clays 
by use of this method. 


19Op. cit., p. 34. 
2°Blank, H. R., "City Tunnel No.2, Geology of Overburden"; unpublished notes- and section in files of U. S. Geol. Survey. 
21Lohman, K. E., Op. cit. 
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The Gardiners clay in Kings County is about 50 fee t thick where it is typically developed. It appears to be 
thicker in a few wells, 'for example well K 894, but this may be due to poor logs or to faulty correlation. It is also 
thicker in a few wells, such as K 543, which are located along the line of one of the buried valley segments. In these 
cases it is believed that the J ameco gravel had not completely filled the valley and that the slight depression remaining 
was the cause of a thicker-than-normal accumulation of the Gardiners clay. The upper surface of the Gardiners clay 
in Kings County is believed everywhere to be at least 50 feet below sea level, on the assumption that sea level at the 
time of its deposition stood that much lower than it does at present. There has been little direct evidence to prove this, 
and this figure may well need to be revised so that still higher clays may be included in the formation. However, this 
assumption has served as a useful rule of thumb for the present work and has caused no obvious conflict with other data. 
In central and southern Kings the upper surface of the Gardiners clay lies 100 to 150 feet below sea level, and in a 
general way the formation seems to dip to the south. This dip is not the result of subsequent tilting but is due to the 
deposition of a fairly even thickness of clay on a surface which already had this slope. 
Where the Gardiners clay is overlain by more recent clays the determination of its upper surface is not easy. Where 
there are enough neighboring wells to make possible a fair ly detailed study of underground conditions, the assumption 
that the Gardiners is a relatively continuous blanket, whereas the younger clays are in smaller lenses, can be used to 
trace the contact. However, this method is undesirably arbitrary. This same line of reasoning lies back of the con- 
clusion, reluctantly reached, not to classify as Gardiners any of the clays or fine sands lying northwest of a line marked 
by wells K 461, K 664, K 320, and K 703 (pI. 2). In th e narrow belt along the East River so delineated, a number 
of wells, for example K 458, show clays which might well be Gardiners, but a comparison with adjacent logs shows that 
these patches of clay are not continuous. Because hydrologically the importance of the' Gardiners lies in the relatively 
continuous seal which it provides for the underlying J amcco gravel, it was felt that little harm would be done by 
including isolated remnants of the Gardiners with hydrologically similar patches of younger clay. The alternative 
would be a classification which would suggest that the blanket of Gardiners extends unbroken into an area:- where 
no such impermeable layer in fact still exists. This would be unfortunate, and the p]an used, which avoids doing 
this, involves no deliberate misrepresentation. In the area involved, accurate correlation in any case is quite impossible, 
and of the several equally valid geologic interpretations it seemed wise to follow the one which gives the most readily 
usable hydrologic picture. 
Jacob sand (not recognized in Kings County logs). The Gardiners clay grades upward into the Jacob sand in 
northern, central, and eastern Long Island, where a few small scattered exposures reveal something of the nature of 
this part of the geologic column. The Jacob sand probably ,extends to the. south and west of the areas where it has 
been observed and may be present in Kings County. It has been described as a fine-grained, well-bedded, light-colored 
sand, and so differs in no way which can be determined in th e average well log f.rom some of the outwash in the overlying 
upper Pleistocene deposits. In origin it is most nearly related to the Gardiners clay and it represents a change from 
the deposition of the clay of that period, brought on by the first distant accumulations of ice which were later to 
culminate in the next glacial advance over Long Island. Partly for this reason, and partly because the Gardiners clay 
itself is locally reported as fine sand, such as at well K 521, there was a tendency to include fine sands near the top of 
the Gardiners with that unit, as in K 64 (No.2), rather than with the upper Pleistocene deposits, though no fixed policy 
was possible. Hydrologically the inclusion of the Jacob wi th the Gardiners is probably wise, as these fine sands might 
be expected to act more as a barrier to the movement of wa ter than as a ground-water conduit or reservoir. Actually 
the Jacob could not' be recognized with assurance in any of the Kings County logs, and the correlations were necessarily 
carried out as though it was not present in the area. 
Upper Pleistocene deposits. The term "upper Pleistocene" is introduced here for the first. time in Long Island 
geology with the hope that it will supplant the unfortunate term "post-J ameco", of which it is essentially the equival- 
ent. The material to which this name is applied forms a hydrologic but nat a geologic unit. Included in it are all the 
deposits which overlie the Jacob sand and the Gardiners clay, with the exception of the material of Recent age. It 
comprises the Manhasset formation 22 , which is believed to be of Illinoian or Wisconsin age, and also the later till, 
moraine, and outwash which are held by most workers to be of Wisconsin age. A proper geologic name for this hydro- 
logic unit is difficult to devise, since more than one forma tion is included, and their ages are uncertain. It seems 
defin:te, however, that all the material was deposited in the later half at least of the Pleistocene and so the term "'upper 
Pleistocene" does not seem to stand in danger of being com promised by more exact determinations of the ages of the 
glacial deposits.. 
The constituent materials of the upper Pleistocene deposits in Kings County show considerable variation. In the 
south there is 150 feet or so of fine sand, with some clay layers near the top and coarser material near the bottom, as 
at well K 464. In the Coney Island area a number of wells, for instance well K 1020, show a clay or fine sand layer 
about 60 to 80 feet below sea level. This layer resembles at least superficially the Gardiners clay, but the log of well 
K 1 indicates strongly that this layer is part of the upper Pleistocene deposits and that the Gardiners is here 


22Fuller, Op. cit., p. 114. 
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about 150 feet below sea level. In central Kings the upper Pleistocene deposits have thickness of more than 200 
feet and the material generally is coarser, though clay beds are present locally, as at well K 517. In most of the 
northwestern half of the county, many of the logs show be ds of clay and boulders, or sand, clay, and boulders, as at 
well K 893, suggesting that considerable till is present. In a few of the wells, such as K 956, there is even a suggestion 
of two or more tills, as might be expected if the Manhasset formation with its Montauk till member, and also the 
younger Ronkonkoma and Harbor HilI moraines, are all present in the area. Well records, however, do not provide 
the information necessary for the identification and correlation of such deposits and this was not attempted. H. R. 
Blank in 1934 had the opportunity of observing exposures of some of this material in place in the shafts which 
were sunk during the construction of City Tunnel 2. His unpublished notes 23 show that he saw as many as three, 
more or less distinct tills in 'what is here called the upper Pleistocene deposits, but even under these excellent conditions 
of observation he was unable to determine to which of the several local periods of glaciation they belonged and felt it 
best to give several alternate correlations. 
, The difficulty of subdividing the upper Pleistocene deposits and of relating the history and deposits of one area 
to those in another offers a scientific challenge, but raises no serious problem for the present study. HydrologicalJy 
the upper Pleistocene deposits are a unit, even though not a very uniform one. The coarse sands and gravels which 
are found in greater or lesser quantities in all parts of this unit are the source of most of the ground-water with- 
drawals in Kings County and in the remainder of Long Island. The yield of water and the, position and thickness 
of the most suitable aquifer differ greatly. This is due, however, more to local conditions than it is to the regional 
picture. - Such silt and clay beds as are present are limited in extent, and although they may restrict recharge in some 
areas and in other ways divert or limit the movement of ground water, these effects are not of regional importance. 
Recent deposits. The deposits of Recent age in Kings County are the beach sands along the coast, and the clays 
and silts of Jamaica Bay and the East River. The beach sands are of little importance, but the clay serves to seal the 
glacial gravels and other permeable beds from the salt water. It is not practical, however, to separate the Recent 
clays from those of Pleistocene age and no attempt was made in this study to separate them. 


230p. cit. 
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